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Abstract 
    The demand to develop custom-designed, application-specific neural interfaces is increasing rapidly with the 
recent progress in the neuroscience [1]. Advanced neural interfaces capable of communicating with individual 
neurons may be most desirable for the closed-loop prosthetics control and new therapeutic applications; and emerging 
neuroscience research would benefit from an ability to implement novel array geometries on demand, to match the 
neural anatomy being studied. We have developed new techniques to build high aspect ratio Utah neural interface 
1010 arrays with electrodes up to 10 mm long with a 4mm2 footprint and also new high-density 2020 arrays with 
4mm2 footprint. The new techniques allow electrode and the array dimensions to be customized to the intended 
application. The current high aspect ratio arrays were used to record from the hippocampal area of rats and the high-
density arrays are designed to record and stimulate the pudendal nerve in pig models 
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    Globally, the impact of neural prosthetics on the neurologically impaired is tremendous beyond doubt. 
It is clear that the new technologies will certainly make it possible to gain more scientific insight into the 
complex ways populations of neurons interact to generate behavior. Conventional Utah electrode arrays 
(UEA) have successfully shown to be able to communicate with individual neurons [2]. There has been a 
high demand to develop similar new technologies to record from deeper areas (> 2mm) of the brain and 
denser interface to spinal cord and other peripheral nerves (especially in smaller animals for 
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neuroscience). More than 17 million Americans are suffering from Bladder dysfunction also know as 
voiding dysfunction and are currently being treated with the use of long term catheterization, behavioural 
modification, electrical stimulation and neuromodulation or extensive urinary tract reconstruction. 
However, catheterization can have several side effects, including: insertion difficulty, repeated urinary 
tract infections, urethral damage and inflammation, and social incompatibility. For many patients, 
indwelling or intermittent catheterization is still ineffective or unmanageable. The Utah Slant Electrode 
Array (USEA) with higher density of electrodes and small chip size, when implanted into the pudendal 
nerve, can help in selectively contract and relax the two major muscle groups involved in normal voiding, 
the detrusor and external urethral sphincter respectively. In this paper, we present the whole design, 
fabrication and in-vitro and in-vivo results of two versions of UEA, which includes: Long-USEA and 
High-density USEA. The long-USEA was used to record from the hippocampal area of rats and the high-
density USEA was designed to record and stimulate the pudendal nerve in pig models. 
 
Materials and methods 
 
    A standard fully assembled Long-USEA consists of 100 electrodes with electrode height ranging from 
1mm to 9mm (depending upon the customer requirements) with an electrode pitch of 400m. The other 
design i.e. a fully assembled high density-USEA consists of 200 electrodes with electrode height ranging 
from 800m to 200m and electrode pitch of 200m. The whole fabrication process was broadly 
categorized into three different categories: wafer-scale fabrication process, batch-level fabrication process 
and array-level fabrication process.  
    In the wafer scale level, arrays were fabricated on a wafer level starting with crisscross backside diced 
kerfs, which were 500μm deep, 70μm wide and desired pitch (200 and 400μm in this case) on boron 
doped p-type <100> silicon work piece in 2mm to 10mm thickness (depending on the design of the neural 
array) with 0.005cm resistivity. The diced kerfs were then filled with powdered glass and methanol 
followed by degassing of the mixture. To ensure proper filling of the kerfs with glass frits, the wafer was 
heated above 750°C in a dental furnace for 8 hours. The planarization and polishing of the wafer was 
accomplished by manual lapping tools. With these tools, the total thickness variation (TTV) of less than 
20m can be achieved across a 76mm wafer. The average height difference across the wafer between 
glass and silicon was found to be less than 1m. Sputtered backside metallization with a total layer 
thickness of 1μm (Ti/Pt/TiW/Pt) was done with the help of lift-off process to provide bond pads for 
electrical connection. For Long-USEA, Micro- Wire Electrical Discharge Machining (μ-WEDM) was 
used to cut straight or tapered grooves with depth between 3-9 mm on 400μm pitch. Furthermore, the 
work-piece was rotated 90° and cutting of grooves was repeated. This resulted in straight or tapered 
columns of 200200μm with 3-9mm height. For high-density USEA with a pitch of 200μm, a dicing saw 
was used to cut these grooves, with electrode length ranging from 800μm to 200μm long and 100μm wide 
columns with glassed channel at the base. To obtain needle shaped electrodes, the wafer was isotropically 
etched with a combination of dynamic and static chemical etching by using 5% HF and 95% HNO3. After 
this particular step, the arrays were singulated into single dies and were processed at a batch-level process 
in batches of 10-12 devices. The tissue-device interface tips of the electrodes were metalized with 
sputtered Iridium Oxide (IrO) and the base of each electrode was wire bonded to a connector (array-level 
processing) giving individual access to all electrodes in an array. The entire device was later encapsulated 
with 6μm thick Parylene-C layer. Figure 1 shows SEM images of different variations of long-UEA and 
high density-USEA arrays. 
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Figure 1. (a) Images showing two variations of 1010 Long- Utah electrode arrays. (b) Customized high-
density 1010 slant Utah electrode array with pitch 200μm and electrode length ranging 200-800 μm for 
the pudendal nerve application. 
 
Results 
 
    In-vitro soak testing of the array was done to determine the quality and performance of the array 
concerning impedance, possible shunting, and short-term stability. For this, the array was soaked in the 
PBS solution with a pH of 7.2 and individual impedances of each electrode were calculated. Soak testing 
of the array was done continuously for 5 days to make sure that there is no current leakage and the 
encapsulation on the backside of the array is not comprised.  The impedances from all the electrodes 
ranged between 9-100 K, with the mean impedance of 68 K. A fully assembled 5 mm long electrode 
array was implanted in hippocampal area CA1 of a urethane-anesthetized rat. Initial recordings exhibit 
strong theta frequency @ 7 Hz in the local field potentials, indicative of CA1 activity (Fig 2). The high 
density USEA with electrode lengths ranging from 200-800 m was also recently implanted in the 
pudendal nerve of a pig to control the bladder functions.  
  
Conclusions 
 
    Different architectures of custom-designed, application-specific versions of conventional UEA were 
presented. We introduced the -EDM process to the existing approach to fabricate long UEA with 
electrode length varying from 1-9 mm used to record signals from deeper areas of the brain. High-density 
USEA with a pitch of 200 m and electrode lengths from 200-800 m was also fabricated for implanting 
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in the pudendal nerve. One of the new designs of the long-UEA was successfully implanted in the 
hippocampal area CA1 of a urethane-anesthetized rat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  Picture of fully integrated high aspect ratio Utah electrode array (top-left), Array being 
implanted into the cortex for impact-tests (top-right), Recordings exhibiting strong theta frequency @ 7 
Hz in the LFP, indicative of CA1 activity (bottom two plots) 
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